ABSTRACT
The photosynthetic activity of the obligate phototrophic green volvocean alga Chlamydobotrys stellata depends on nutritional conditions. Autotrophically grown cells require the complete photosynthetic electron transport system. Under photoheterotrophic culture conditions, e.g. when CO2 is replaced by acetate as carbon source for growth in the light, only PSI activity is necessary for acetate photoassimilation (10, 23) . This leads to changes in PSII activity (15, 16) , almost grana-free chloroplasts (25, 26) , and to a decrease in the PSII-dependent electron transport to PSI (27) . Furthermore, phototrophic acetate nutrition induces an increase in the amount of Chl-protein complex LHCPa2 containing Chl a only (8) . This work presents evidence for the relation of LHCPa to PSI.
MATERIALS AND METHODS
Organism and Growth. Chlamydobotrys stellata, strain 10 (17) .
Electrophoresis. Plastid membrane protems were separated without heat denaturation in 15% acrylamide gels (6) containing 1% Deriphat (14) . Protein staining was performed with Coomassie blue according to (6) or with AgNO3 according to (18) . For PAGIF, the method of Siefermann-Harms and Ninnemann (21) was used. Absorption spectra of Chl-protein complexes were recorded as previously described (8) .
Measurement of PSI and PSII Activity. DCPIP reduction was assayed as light induced A590 decrease (22) . Methylviologen reduction was measured after addition of the artificial electron donor DCPIP/ascorbate as 02 consumption using a Clark electrode (7). The Chl content was determined according to Amon (4) .
RESULTS
Four Chl-protein complexes (I-IV) can be isolated by PAGIF from solubilized thylakoids of autotrophically grown C. stellata ( Fig. 1) . Their isoelectric points are 6.3, 5.9, 5.3, and 4.9. The presence of acetate as carbon source during growth results in a slight shift of the isoelectric points of complexes II, III, and IV to the acid pH range and increases the amount of complex III, whereas the amount of complex IV is diminished.
The four Chl-protein complexes can be distinguished from each other by their absorption characteristics (Fig. 2) . Chl a is present in all four bands as shown by the absorption maxima in the range between 673 and 681 nm and by the satellite band at 622 nm. Only band IV shows Chl b as identified by the absorption maximum at 654 nm. This complex is identified as the known LHCPb of C. stellata (8) . However, these absorption maxima determined in detergent-containing media do not represent the absorption properties of the in vivo Chl-proteids (20) . The polypeptide composition of the Chl-protein complexes III and IV separated by SDS-PAGE after PAGIF is shown in Figure 3 . As detected by high-sensitive silver staining (18) , the dominant polypeptides of 6 As previously reported from this laboratory, the Chl-proteid IV most likely functions as the light-harvesting system LHCPb of PSII (8) . No information is as yet available about the relation of the Chl-protein complex III to the photosynthetic apparatus. We therefore tried to answer this question by isolating active PSI particles and comparison of their proteins with the protein complexes reported above.
PSI particles isolated from C. stellata show PSI activity only (PSI-mediated electron transport from DCPIPH2 to methylviologen; 250 ,imol 02 consumed mg ChM`h-1). PSII activity is detectable, however, when the artificial electron donor DPC is added to the Triton X-100-treated thylakoid fraction just before the isolation of PSI particles (17) . Thus, the Triton X-100 treat- ment does not destroy the capacity for DCPIP reduction in the thylakoids of C. stellata, and the experimental conditions for PSI particle separation separate the thylakoid components related to PSII from our PSI particles. Only the autotrophically grown algae are suitable for these control experiments, because PSII activity is totally absent from thylakoid preparations of photoheterotrophic algae.
The PSI particles contain I I polypeptides only (Fig. 4, 1) . Chl a is associated with the 140,000 D polypeptide, known as CP I of C. stellata (8) , with the 100,000 D and with the 36,000 D polypeptides present in autotrophically as well as in photoheterotrophically grown cells. The mol wt ofthe 36,000 D Chl-protein complex coincides with that of LHCPa isolated by Deriphat-PAGE (8) . The 100,000 D complex is an oligomer of the 36,000 D Chl aproteid (8) . The existence of these Chl-protein complexes may imply that dissolution in SDS under our conditions leaves the specific tertiary structure of the polypeptides-at least partlyunmodified (12) and that the mobility of the complexes is not determined by their mol wt only (19) . The isolation of the 36,000 D Chl a-protein complex and its complete denaturation by heating reveals a polypeptide of 32,000 D (Fig. 4, 2) .
The polypeptide composition of PSI particles (Fig. 4, 1 (16) and reelectrophoresis (2) compared with that of highly purified CP I and LHCP (Fig. 5) . The polypeptide composition of the latter was determined by SDS-PAGE after heating for 5 min at 100°C which disrupts disulfide bonds, removes lipids, and achieves denaturation of the polypeptides. In addition, they were treated with Triton X-l00.
The CP I polypeptides of autotrophic cells do not differ qualitatively from those of photoheterotrophically grown C. stellata (Fig. 5, 1) . The 140,000 D polypeptide represents the native CP I of C. stellata. The 96,000 D protein is an aggregate of the unpigmented CP I apoproteins. The 74,000 to 59,000 D polypeptides are the apoproteins of CP I (2, 5) . Some are essential for photosynthetic activity in Chlamydomonas reinhardi (5) . The enriched LHCP preparations (Fig. 5, 2 much more like that of higher plants (9, 11, 13, 17) than that of other unicellular algae (3, 5, 6 polypeptides of 23,000, 25,000, and 27,000 D respectively isolated from Lactuca sativa chloroplasts (11) may be related to PSI in the same way as the 32,000 D apoprotein of LHCPa isolated from C. stellata. On the other hand, no structural connection between LHCP and PSI seems to exist in chloroplasts of Acetabularia mediterranea (3), C. reinhardi (5), or Euglena gracilis (6) . The photosynthetic apparatus of C. stellata thus might be at a higher evolutionary stage than that of the other algae species. The ability of this organism to alter its thylakoid composition (8) and structure (25, 26) together with the photosynthetic functions (16) in response to changes of the environment corresponds with the flexibility of higher plant chloroplasts (1) . Because of the dynamic nature of the fluid lipid matrix of the chloroplast thylakoids (1), the loss of PSII activity (16) as well as the decrease of LHCPb (8) and the increase of unstacking (26) and of CPI-related LHCPa (8) in photoheterotrophic C. stellata are of special interest. Under these special nutritional conditions, probably little or no 'spillover' is possible as a regulatory mechanism for optimal energy distribution between the photosystems. The loss of light-harvesting and energy supply via LHCPb is partially compensated by the increase of LHCPa (8) 
